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Abstract 
 
 This report outlines the make up of a Coastal Field Research Facility located at The Spit on 
the Gold Coast. The facility is part of a collaborative effort between Griffith University, The 
University of Queensland and the Gold Coast City Council. 
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1. Introduction 
Bulletin report on the coastal field research facility at The Spit on the Gold Coast as at 29/9/2008. 
 
The facility has been a collaborative effort between researchers from The University of Queensland 
(UQ) and Griffith University (GU) with assistance and support from the Gold Coast City Council 
(GCCC), The Environmental Protection Agency (EPA) and Queensland Transport (QT). 
 
The details of the infrastructure at the facility are described below in section 2. Section 3 provides 
information on the permanent survey benchmarks available near the site. 
 
1.1. Contacts for further information 
For further information please contact: 
 
Dr Nick Cartwright  
Griffith School of Engineering and 
Centre for Infrastructure Eng. and Management 
Gold Coast Campus 
Griffith University, Queensland, 4222 
Australia  
Tel: +61-(0)7-5552 9214 
Fax: +61-(0)7-5552 8065 
email: n.cartwright@griffith.edu.au 
Associate Professor Peter Nielsen  
School of Civil Engineering 
School of Engineering 
University of Queensland 
St. Lucia, Queensland, 4072 
Australia 
Tel: +61-(0)7-3365-3510 
Fax: +61-(0)7-3365-4599 
e-mail: p.nielsen@uq.edu.au 
 
Dr Dave Callaghan  
School of Civil Engineering 
University of Queensland 
St. Lucia, Queensland, 4072 
Australia 
Tel: +61-(0)7-3365-3517 
Fax: +61-(0)7-3365-4599 
e-mail: dave.callaghan@uq.edu.au 
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2. Observation infrastructure 
The centre piece of the facility is a permanently deployed monomer tube array for measuring 
coastal water levels in any conditions. This is supplemented by a rapid response anemometer tower, 
stilling wells and topographic survey equipment. These are all detailed below. 
2.1. Manometer tube array 
The manometer tube array is located to the south of the sand pumping jetty (see cover image) and 
consists of 12 different tube lengths varying from 60m to 500m offshore of a concrete manhole 
excavated into the back dune system to house the monitoring station.  
2.1.1. How the tubes work 
Figure 2.1 schematically illustrates how the manometer tubes work. The top panel illustrates how 
open ended manometer tubes at the beach end would directly replicate the absolute mean water 
level variation through the surf zone. For monitoring purposes this configuration is not practical as 
the monitoring end would need to be sub-surface and would also be below the groundwater table. 
 
In order to overcome this practical limitation, the lower panel depicts the same manometer array 
which has had the water levels in the observation manometers “sucked up” above the absolute water 
level by means of a vacuum. In order to relate the new elevated water levels to a common datum 
they are referenced to a surveyed water level reservoir. Therefore, the mean water level profile can 
now be easily observed from above the absolute water level (i.e. higher up behind the dune scarp). 
The water levels are currently observed manually using a manometer board and in the future logged 
automatically with pressure transducers.  
 
The manometer tube can also be used to monitor high frequency pressure fluctuations due to the 
passing of individual waves over the ends of the tubes by connecting a pressure transducer directly 
to the landward end of a tube. Then, given that the gain function of the tube is known, the pressure 
fluctuation and hence wave height at the seaward end of the tube can be inferred.  
 
For further details on the theory behind the manometer tube system see Nielsen and Dunn (1998). 
2.1.2. Manometer tube array configuration 
The manometer tube array installed at The Spit consists of 12 different tube lengths duplicated such 
that there are 2 tubes (one white and one black) for each length which ranges from 60m to 500m 
seaward of the manhole. Each length has been assigned a nominal chainage in metres relative to the 
concrete manhole benchmark and the actual chainage was determined firstly via tape measure on 
the beach face prior to deployment and secondly by total station survey once the array had been set. 
Table 3.1 summarises the chainage details and Figure 2.2 provides a schematic of the array 
configuration. Table 2.2 provides details of the colour coding used to match the landward tube ends 
with the joins in the beach. 
 
The tubing array is made up of 10mm and 8mm OD semi-rigid nylon tubing which has been 
bundled together and cable tied to anchor chain along the entire length for weight (see Figure 2.2 
for arrangements). At the seaward end of each tube is a screened pressure intake to avoid blockages 
of the small diameter tubes (see Figure 2.3). At the landward end, the array has been excavated in 
under the foredune and the manhole with the landward end of the tubes terminating inside the 
manhole. Here the tubes are connected to a manometer board-vacuum system as described in §2.1.1 
and shown in Figure 2.3.  
 
Pictures of the installation process are provided in appendices 5.1 and 5.2. 
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Figure 2.1. Schematic of the manometer tube setup (from Nielsen and Dunn, 1998).  
 
 
Table 2.1. Manometer array chainages1 (m).  
Nominal 
Chainage Join
4 60 70 80 100 120 140 160 200 250 300 400 500 
White 
Tube2 30.9 61.5 70.5 80.9 100.1 115.4 138.7 158.2 202.5 248.8 299.5 402.4 503 
Black 
Tube2 30.9 61.5 70.5 80.9 98.7 115.4 137.2 157.4 200.7 247.7 300.7 403 504 
Total 
Station3 30.9 61.5 70.5 81 98.5 114 137 NA 200 248 296 NA NA 
1 All chainages are in metres relative to the concrete manhole benchmark (MBM) shown in Figure 3.2. 
2 The “white tube” and “black tube” data was obtained by tape measure on the beach face prior to deployment. 
3 The total station was used to determine the location of the tube ends immediately after the array had been deployed 
through the surf zone. Not all tube ends could be located as indicated by NA. 
4
 “Join” denotes the location in the beach face where the tube array was joined to the initial length of tubes laid out 
during stage 1 of the installation (see §5.1). 
 
Table 2.2. Colour Codes for Tube Arrays1.  
Nominal 
Chainage 60 70 80 100 120 140 160 200 250 300 400 500 
White  
Tube 1 R 2 G-Y 1 B 1 W 1 G-Y 1 Y 2 W 1 G 2 Y 2 B 2 R 1 G 
Black  
Tube 1 Y 2 G-Y 1 G-Y 1 W 2 W 1 R 4 G 1 G 2 R 2 G 2 Y 3 G 
1
 These colour codes corresponds to the electrical tape colouring both in the manhole and at the join in the beach face. 
The number denotes the number of bands of tape and the letter denotes the tape colour (R = Red, Y = Yellow, G-Y = 
Green-Yellow, B = Blue, W = White, G = Green). For example 4G means 4 bands of green tape around the tube. 
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Figure 2.2. Schematic of manometer tube/chain array configuration and nominal chainages. 
 
 
  
Figure 2.3. Left: Screened pressure intakes located at the end of each tube. Right: Connecting the 
tubes to the manometer board inside the manhole.  
 
2.2. Stilling wells 
During monitoring of storm events, the mean water level data derived from the manometer tube 
array is supplemented with high resolution measurements across the intertidal zone using 
temporarily installed stilling wells (see Figure 2.4, Nielsen, 1999) in order to track the mean 
shoreline position. The stilling wells are constructed using clear poly carbonate tubing with a 
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measuring tape glued to the outside of the well with its zero at the well top increasing downwards. 
At the bottom of the well a piece of geotextile filter cloth is inserted so as to dampen out 
fluctuations due to individual waves. The seaward extent of the wells overlaps with the landward 
end on the manometer tube array to ensure consistency in the observed water level profiles. 
 
   
Figure 2.4. Left: Stilling wells with the Mean Water Level seen coloured green. Right: Overview of 
a transect of stilling wells for monitoring the mean water surface profile across the intertidal zone. 
 
2.2.1. Theory behind stilling wells 
The following outlines the linear response theory which is used to evaluate the response of the 
stilling wells (Callaghan, pers. comm., 2005). From Nielsen (1999) and laboratory testing, the 
stilling wells used act analogously to a linear filter where the relation between actual and measured 
signals can be written as, 
 
m
m a
t
τ
∂
+ =
∂
 (1) 
where a and m are the actual and measured signals respectively. The amplitude response function 
for (1) is, 
 ( ) ( ) 11LF s sF iω ω τ −= +  (2) 
where 1i = −  and sω  is the angular frequency. To measure the response time constant, a half 
height test is preformed where the time ( 1
2
t ) is measured for the water within the stilling well to fall 
from its initial height above the filter to half that height. Under this scenario, (1) simplifies to, 
 0m m
t
τ
∂
+ =
∂
 (3) 
and solving yields, 
 ( ) ( )0 tm t m t e τ−= =  (4) 
and rearranging yields, 
  
1
2
1
2
1.44
ln 2
t
tτ = ≈  (5) 
Laboratory half height testing is conducted to ensure that [ ]90s;110sτ ∈  with a mean near 100 s. 
Wells that fall outside this range have their filters modified to ensure ~ 100sτ  (i.e. 1
2
t ~ 70 s). 
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Figure 2.5 shows the range of response expected in the measured signal and demonstrates that the 
stilling wells remove 98% of incident wave motion. However, it also shows that between 7% and 
40% of infragravity wave motion (periods between 25 s and 250 s) is recorded. 
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Figure 2.5. The amplitude response function for the lower limit (▬ ▪ ▬, 90 sτ = ), average (▬▬, 
100 sτ = ) and higher limit ( ▪ ▪ ▪ ▪ , 110 sτ = ) time constants characterising the stilling wells, 
determined from (1) using the measured response time range. 
 
2.3. Anemometer tower 
A collapsible 10m high rapid response anemometer tower is stored in the manhole to enable the 
measurement of the wind boundary layer profile at the shoreline (Figure 2.6). The tower consists of 
several hollow stainless steel sections which connect together to make the 10m tower. At several 
different heights a pitot tube is attached to the tower and directed into the wind. A tube then 
connects the pitot tube with an oil-water manometer board at the base of the tower which is used to 
observe the velocity head (∆h). For the vegetable oil used, the calibration equation is, 
 
 hu ∆= 40  (6) 
where ∆h is in (m) and u is in (m/s). 
 
  
Figure 2.6. Left: 10m anemometer tower. Right: Manometer board. 
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2.4. Wave rider buoys 
The EPA own and operate a network of wave rider buoys along the Queensland coast, the details of 
which can be found on the web (www.epa.qld.gov.au). The closest buoy to the site is the Gold 
Coast directional wave rider buoy located in 18m of water offshore from the Gold Coast Seaway 
which is co-operated by GCCC. The nearest “deep water” directional wave rider buoy is located in 
73m of water offshore from Pt Lookout on North Stradbroke Island. Other wave riders in the region 
are detailed in Table 2.3 below. 
 
Table 2.3. Details of EPA wave rider buoy network in south-east Queensland. 
Name, Location,  
(EPA site id) Lat/Long Type 
Date of 
Installation 
Water 
Depth (m) 
1Gold Coast, offshore 
from GC Seaway, (23) 
27° 57.84'S 
153° 26.55'E 
Datawell, Directional 
Waverider Buoy 
20/2/1987, 
Directional 
in 2007 
18 
Brisbane, offshore 
from Pt Lookout, Nth 
Stradbroke Island, (13) 
27° 29.75'S 
153° 37.71'E 
Datawell, Directional 
Waverider Buoy 30/10/1976 73 
2Tweed River, 
offshore from Tweed 
River entrance, (28) 
28° 10.85'S  
153° 34.70'E 
Datawell, Directional 
Waverider Buoy 13/1/1995 25 
3Mooloolaba, offshore 
from Maroochydore 
river, (4) 
26° 33.95'S  
153° 10.89'E 
Datawell, Directional 
Waverider Buoy 11/5/2005 32 
4Caloundra, northern 
end of Bribie Island, 
(51) 
26.85° S  
153.15° E Wave Pole 22/9/2003 10 
Moreton Bay, offshore 
from Redcliff, (93) 
27° 15.09'S  
153° 12.00'E 
Datawell, Non-Directional 
Waverider Buoy 19/10/2000 11 
1 Jointly operated by the Gold Coast City Council 
2Jointly operated by the Tweed River Sandbypassing project 
3
 Jointly operated by the Queensland Transport 
4 Jointly operated by the Port of Brisbane Corporation 
2.5. Tide gauges 
The closest tide gauge to the site is inside the Broadwater and is operated by Queensland Transport. 
The EPA operates tide gauges at Mooloolaba and Caloundra and the Manly Hydraulics Laboratory 
operate an offshore tide gauge at the Tweed River. 
 
Table 2.4. Details of tide gauges in south-east Queensland. 
Name, Location, 
(Operator) Lat/Long Recording Range 
Gauge Datum  
(LAT to AHD) 
Date of 
Installation 
Broadwater, Maritime 
Safety Compound, 
(MSQ) 
  - 0.76  
Mooloolaba, Pilot 
Jetty, (EPA)  
26° 41.14' S 
153° 07.96' E 
5.0 metres above  
Gauge Zero (GZ) - 0.99 28/9/1978 
Caloundra, on wave 
pole, (EPA/Port of 
Bris.) 
26° 51.14'S 
153° 08.55E 
6.0 meters above  
Gauge Zero (GZ)  23/9/2003 
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3. Surveying benchmarks 
The following section provides details of the permanent benchmarks (BM) established in 
connection with the field research facility. Section 3.1 provides photos of each benchmark. 
 
Table 3.1. Summary of permanent benchmark data. 
Benchmark 
ID Description
1 GPS Lat/Long 
Location2 
RL  
(m DJ)3 
RL 
(m AHD)4 
MBM East side of manhole lid on lock tongue 
27° 56’ 27.1” S 
153° 25’ 45.0” E -0.489 3.682 
SBM Southern BM of manhole site baseline 
27° 56’ 27.3” S 
153° 25’ 44.8” E NA NA 
NBM Northern BM of manhole site baseline 
27° 56’ 26.4” S 
153° 25’ 44.7” E NA NA 
BWBM 
High point on green rock at end of 
road from Doug Jennings rocks to 
Broadwater 
27° 56’ 23.2” S 
153° 25’ 18.4” E -1.361 2.810 
DJ 
Rocks at entrance to Doug 
Jennings park (high point on rock 
with plaque) 
27° 56’ 25.1” S 
153° 25’ 32.6” E 0.000 4.171 
QT(113093) 
BM on corner of curb at entrance 
to Queensland Transport sand 
pumping compound 
27° 56’ 18.6” S 
153° 25’ 35.6” E 0.270 4.441 
SURF45NEE Northeast Post, East Bolt of lifeguard tower 45 
27° 56’ 24.5” S 
153° 25’ 45.0” E 0.727 4.898 
DUNE BM in dune system approximately 70m north of SURF45 
27° 56’ 22.2” S 
153° 25’ 44.3” E 2.328 6.499 
1 Photos of benchmarks are provided in §3.1. 
2 GPS Datum: WGS 84 
3 DJ is the Doug Jennings park benchmark 
4 AHD is the Australian Height Datum (set equal to Mean Sea Level as determined for the period 1966 to 1968, 
Anonymous, 1985) 
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Figure 3.1. Satellite photo of field site and known survey bench marks (yellow points, see also 
Table 3.1). (Base image source: Google Earth). 
3.1. Benchmark location photos 
3.1.1. Manhole benchmark - MBM 
Landward
 
Figure 3.2. Manhole BM (MBM) – lock tongue on eastern side of manhole lid.  
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3.1.2. Southern benchmark – SBM 
SBM
   
Figure 3.3. Southern BM (SBM) – star picket at base of bush. 
3.1.3. Northern benchmark – NBM 
NBM
Manhole
  
Figure 3.4. Northern BM (NBM) – star picket at base of bush. 
3.1.4. Broadwater benchmark – BWBM 
  
Figure 3.5. Broadwater BM (BWBM) – high point on green rock behind concrete manhole. 
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3.1.5. Doug Jennings benchmark – DJ 
  
Figure 3.6. Doug Jennings park BM (DJ) – high point on rock with memorial plaque. 
3.1.6. Sand pumping compound benchmark – QT113093 
       
Figure 3.7. Queensland Transport sand bypassing compound BM (QT113093) – nail in curb at 
entrance to compound. 
3.1.7. Lifeguard tower benchmarks – SURF45NWW and SURF45NEE 
SURF45NEESURF45NWW
 
Figure 3.8. Lifeguard tower BMs - SURF45NEE, easternmost bolt at base of northeast pole, 
SURF45NWW, westernmost bolt at base of northwest pole, 
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3.1.8. Sand dune benchmark – DUNE 
 
     
Figure 3.9. Sand dune BM (DUNE) – Fence post in sand dunes approximately 70m north of 
lifeguard tower. 
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5. Appendices 
5.1. Manometer array installation Stage 1 – Dune excavation, 13/2/2007 
All photos by Paul Guard and Nick Cartwright. 
 
Stage 1 of the installation involved the excavation of the dune system by Gold Coast City Council 
contractors to install the monitoring station, namely a 3m deep by 2.1m diameter concrete manhole, 
and also to lay the first length of the tube array from the manhole under the fore dune to the beach 
face. 
 
 
Back dune excavation for manhole installation 
 
 
 
Fore dune excavation to lay first length  of the 
manometer tube array (approx 30m) 
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First length of tube array 
 
Backfilling  
 
Site viewed from lifeguard tower (SURF45) just 
south of sand pumping jetty 
 
Secure monitoring station 
 
5.2. Manometer array installation Stage 2 – Tube array deployment 
through surf zone, 2/5/2007 
All photos by Paul Guard and Nick Cartwright. 
 
Stage 2 was delayed for several weeks whilst waiting for suitable calm conditions required to 
deploy the remainder of the tube array out through the surf zone. The remaining 470m of the array 
was assembled on the beach face before being towed out through the surf zone by boat. 
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Locating ends of first length of tube array buried 
in beach (approx. 30m from manhole). 
 
Join location 
 
Assembling array. Photo shows pressure intakes. 
 
Array with floats attached. 
 
 
Overview of entire array assembled on beach. 
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Towing array through surf zone with boat seen 
outside of surf zone 
 
 
 
 
 
 
Burial of array across beach face. 
 
